h i g h l i g h t s g r a p h i c a l a b s t r a c t
Medial tibial stress syndrome (MTSS) is characterized by pain in the lower leg, common in athletes and militaries. Although MTSS is often mild, it can evolve to chronicity. Optimal treatment for MTSS has yet to be established. Extracorporeal shockwave treatment (ESWT) is a tool aimed at alleviating symptoms and shortening recovery time in MTSS. A single focused ESWT combined with a specific exercise program allows faster recovery in military cadets with MTSS.
Introduction
Medial tibial stress syndrome (MTSS), also known as shin splints or tibial periostitis, is characterized by pain in the middle and lower end of the tibia; the pain is usually elicited by practising sports or other physical activities [1e3] . The criteria for diagnosis of MTSS were established by Yates and White [4] . Although the prognosis of MTSS is usually benign, it can evolve to chronicity and be disabling [5] . It is a common cause of leg pain in military personnel and athletes [6, 7] , with incidences ranging between 4% and 35% in these populations [8, 9] . Basic training can cause tibial periostitis in 4e10% of recruits after 8e12 weeks [9, 10] . In fact, 60e80% of cases are associated with musculoskeletal overload [11] . Prolonged military marching and physical activity involving excess training of the lower limbs contribute to the stress reaction of the bone [12e15], as confirmed by imaging studies [13,16e21] . This condition has been considered a precursor stage for stress fracture, which, unlike MTSS, presents more localized pain that is accentuated on percussion [22] and has a different treatment and prognosis.
According to the theory of bone stress reaction introduced by Moen et al. [23] , oedema in the bone marrow is a sign of bone remodelling secondary to overload in people subjected to repetitive strain on the lower limbs. This may cause clinical signs and symptoms when the load exceeds a certain threshold, due to microscopic fatigue (microlesions), as explained in the mechanostat model [24] .
To date, no in-depth studies have been carried out on specific treatments for MTSS. Several forms of conservative treatment have been applied in the acute phase, such as relative rest [25e29], antiinflammatory drugs, analgesics and cryotherapy [9] , electrotherapy [30] , laser [31] , acupuncture [32, 33] , orthotics [34, 35] , foot orthoses [36] , prolotherapy [37] , compression [38] , corticosteroid injections [39] and kinesiotaping [40] , with varying results. Fasciotomy of the posterior superficial compartment of the leg has also been performed [41e47], but no preferred therapeutic approach has been identified yet. The clinical course is generally prolonged despite treatment, with periods of relapse.
A therapeutic alternative is currently being studied aimed at reducing pain and shortening recovery time in MTSS, using extracorporeal shockwave treatment (ESWT). Two studies from Rompe [48] and Moen [49] have shown ESWT to be effective for MTSS, whereas another study from Newman showed no benefit [50] .
Furthermore, as literature has pointed the efficacy of 3 ESWT sessions in MTSS, we studied if one ESWT session was effective in this pathology as well.
The aim of this study was to evaluate the effectiveness of ESWT in a military population with MTSS.
Materials and methods
We performed a single-blind randomized controlled study in 42 military cadets (33 men and 9 women) with MTSS from the Military School of Cadets of the Colombian Army, between February and April 2015.
Inclusion criteria were as follows: 1) patients of either sex, aged over 18 years, diagnosed with MTSS per Yates and White criteria [4] , with pain during exercise in the posterior medial part of the tibia, and an area of diffuse pain on palpation measuring at least 5 cm; 2) continuous pain that had appeared at least 3 weeks earlier; 3) pain elicited by exercise and occurring during and after exercise; 4) unilateral pain; 5) X-Ray were performed to rule out stress fracture or other types of fracture.
Exclusion criteria were as follows: 1) patients with current or prior radiological signs of stress fractures or other types of fracture; 2) local infection or osteomyelitis; 3) tumour in the region; 4) compartment syndrome; 5) prior surgery on the same leg; 6) prior use of shockwaves for MTSS; 7) prior or current rheumatic disease; 8) coagulation disorders; 9) pregnancy.
When all the inclusion criteria and none of the exclusion criteria were met, MTSS patients were enrolled by the orthopaedic surgeon once informed consent had been obtained. To ensure consistency of data collection at baseline, a specially designed protocol was used that included clinical variables, such as the visual analogue scale (VAS), and functional variables, such as the running test (RT), which consisted of running on a treadmill at a fixed speed (10 km/h). The RT was stopped if the patient indicated that pain was too severe to continue or in case of fatigue. Patient satisfaction with the treatment was recorded using the Roles and Maudsley scale (RM). Clinical assessments were performed at baseline and at a follow-up 4 weeks later by an orthopaedic surgeon blinded to patients' treatment allocation.
Patients were randomly assigned to receive either a focused ESWT plus a specific exercise programme (intervention group) or the exercise programme alone (control group). Random allocation was performed by the physiotherapist using Epidat 4.0. Allocation was concealed from the recruiter and participants. The intervention consisted of a single session of 1500 pulses at an energy flux density (EFD) of 0.20 mJ/mm 2 and a frequency of 5 Hz generated by an electromagnetic device (Duolith SD1 T-Top; Storz Medical), performed by a physician specialized in rehabilitation and certified in the use of shockwaves. ESWT was applied to the most painful affected region on palpation in the tibia, without anaesthesia, with the patient in the supine position and knee extended. Rest and analgesics were prescribed for 24e48h if necessary. ESWT was combined with an exercise programme (modified from that used by Rompe et al. [48] ) consisting of 40 min of exercise five days a week for four weeks under the supervision of a physiotherapist (Table 1) . Patients assigned to the control group received the exercise programme only. In the control group but not in the ESWT group, cryotherapy was applied to the affected part of the tibia after completion of the exercises during 10 minuts, in order to avoid its possible influence on the biological mechanism of ESWT. The study design according to the Consort diagram [51] is shown in Fig. 1 .
Sample size calculations were based on normal approximation 
Results
The initial statistical analysis showed that both patient groups were homogeneous and therefore comparable ( Table 2 ). There were no dropouts.
The ESWT group showed a significantly greater improvement than the exercise-only group at the end of follow-up, in terms of pain according VAS at rest (p ¼ 0.016) and at the end of running (p ¼ 0.001) (Fig. 2) .
All individuals in the ESWT group who had pain at rest 4 according to VAS (16 patients), considered as moderate to high pain levels [49] , were asymptomatic or improved their pain on followup. On the other hand, pain at rest also improved in the control group. In addition, all patients in the control group suffering pain before treatment, improved significantly at follow-up. Furthermore, 69.6% of the intervention group improved pain compared to 10.5% of those treated with exercise alone. (Table 3) .
Moreover, patients in the ESWT group were able to run for 17 min 33 s (SE: 2.36) at the end of follow-up, compared to 4 min 48 s (SE: 1.03) in the exercise-only group (p ¼ 0.000) (Fig. 3) . All patients returned to activity and running in the militar academy at 4 weeks after treatment.
Patient satisfaction with the treatment according to the Roles and Maudsley scale was excellent ("1") or good ("2") in 82.6% of patients in the ESWT group at the end of follow-up, compared to 36.8% of patients in the exercise-only group. The difference was statistically significant (p ¼ 0.002) (Fig. 4) .
No complications or significant adverse effects were observed in either group.
Discussion
Military cadets are regularly subjected to training regimes with intense periods of physical activity, overload of the lower limbs, and sometimes with insufficient recovery periods, which may lead to musculoskeletal lesions such as MTSS. Treatment of MTSS using ESWT has been shown to be effective in athletes [48, 49] , but its efficacy in military personnel has not been evaluated to date (Table 4) . The main result of our study shows that the use of focused ESWT plus exercise in military cadets was more effective, as measured by clinical and functional outcome measures, than exercise alone, particularly in terms of pain experienced after running, running time and patient satisfaction with the treatment according to the Roles and Maudsley scale.
In our study, pain-free running time increased in both groups at the end of follow-up and was significantly higher in the ESWT group. Rompe et al. [48] , in a non-randomized retrospective study, showed pain alleviation in the radial shockwave group compared to the control group, consisting of rest, cryotherapy and a regime of therapeutic exercises carried out at home. They also demonstrated that ESWT was associated with a faster return to sports activities: in 64% of athletes after 4 months of treatment and 85.1% after 15 months, compared to 46.80% of controls after 15 months.
In our study, patients in the ESWT group were able to run without pain for 17 min 33 s at one month after treatment, much longer than the 4 min 49 s in the exercise-only group.
Similarly, Moen et al. [49] , in a non-randomized, non-blinded observational study in MTSS, showed that 5 sessions of focused ESWT significantly shortened recovery time to 59.7 days, compared to 91.6 days for the patients in the control group.
We used the same device as Moen et al. [49] and Newman et al. [50] to generate focused electromagnetic ESWT to treat MTSS, as well as the same type of functional evaluation, the running test. This test was chosen because running is one of the essential training activities of military cadets. Surprisingly, Newman et al. [50] , in a randomized, double-blind study in patients with MTSS treated with an electromagnetic device, found no significant differences between the treatment group and the control group in terms of pain at rest, on muscle palpation, while running or in pain-free running distance. These results are different to our results and there are several possible causes for this: 1) no complementary investigations were performed in MTSS patients to rule out other conditions, such as stress fracture, which require different treatment and longer recovery times; 2) the small sample size of 28 patients initially and 24 at the final follow-up; 3) non-adherence to ISMST standard [54] , given that EFD was increased from 0.1 to 0.3 mJ/mm 2 in each session, instead of a specific therapeutic energy level; treatment was performed every two weeks, instead of weekly; 4) the "sham" dose consisted of 1000 pulses of 0.01 mJ/mm 2 in each session, which may have had a positive therapeutic effect. These circumstances may explain why there were no differences in the ESWT group compared to the sham group. Standard electromagnetic ESWT parameters recommended are 1200e1500 pulses, EFD ¼ 0.18e0.25 mJ/mm2 and 3 or 4 treatment sessions [55] . In our case, our ESWT protocol consisted of 1500 pulses, EFD 0.20 mJ/mm2 in a single session. Cadets with MTSS were able to resume their activity in a safe and effective manner within the shortest time possible. Other pathologies, such as plantar fasciitis, have been treated with one session of electromagnetic ESWT with favorable results [56, 57] . Unlike other studies, we showed that a single session of focused shockwaves produced excellent or good results in 82.6% of patients one month after treatment [58] . In contrast, in the studies by Rompe et al. [48] , Moen et al. [49] and Newman et al. [50] , (Table 4) . MTSS patients required, respectively, 3, 5 and 5 ESWT sessions. Shorter recovery time is important in military personnel with MTSS, so that they can return to their functional activities quickly. On the other hand, compliance with the training exercise programme was confirmed at the end of the study by all patients in both groups.
Another important aspect associated with this condition is the body mass index. Unlike the study by Plisky [59] , our study shows no significant differences in this variable, probably due to the fact that, in military training, the intense aerobic physical exercise required by the cadets makes them more likely to be in good physical condition and not overweight or obese. This observation supports the hypothesis that the condition is due to repeated overloading of the cadets' leg bones during the period of military training, not to excess weight.
MTSS tends to become chronic and may lead to a stress fracture of the tibia [5, 22] , which could end a patient's military career due to the long time to functional recovery. A cost study would presumably show that a single session of focused electromagnetic shockwaves is more efficient in improving symptoms and reducing the time to functional recovery than multiple physiotherapy sessions. We therefore believe that focused shockwaves in MTSS are safe, effective and efficient, shortening the time required to achieve functional recovery compared to conventional therapies.
We must consider that the current study included military personnel of both sexes and there were no age group differences. Therefore, the findings of this study could be generalized to the population of military cadets and patients with MTSS as well.
Limitations of our study are small sample size and short followup. Further research is required to establish long-term ESWT costeffective interventions in MTSS patients for a safer and faster functional recovery to their previous activities.
Conclusion
A single application of focused extracorporeal shockwave treatment in combination with a specific exercise programme accelerates clinical and functional recovery in military cadets with MTSS, with a success rate of 82.6% at 4 weeks.
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